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Abstract 
Platinized deposits have been formed on TiO2 particulate films supported on Ti 
substrates, by means of galvanic replacement of pre-deposited metallic Cu and 
subsequent immersion of the Cu/TiO2 coatings into a chloroplatinic acid solution. The 
spontaneous replacement of Cu by Pt results in Pt(Cu)/TiO2/Ti electrodes. Both the 
platinized and the precursor TiO2/Ti electrodes have been characterized by SEM micro-
scopy/EDS spectroscopy, their surface electrochemistry has been assessed by cyclic 
voltammetry in the dark and their photoelectrochemical properties by photovoltam-
metry under UV illumination. It has been found that, although platinized rutile-rich 
electrodes exhibit typical Pt surface electrochemistry, the anatase-rich electrodes show 
only traces of oxide formation and stripping. The latter has been translated to a 
suppression of methanol oxidation at anatase-rich electrodes. On the contrary, 
methanol oxidation at platinized rutile-rich electrodes occurs at significant rates and can 
be further enhanced upon UV illumination, as a result of Pt and TiO2 synergism in the 
photoelectrochemical oxidation of methanol. 
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Introduction 
Platinized Ti or TiO2 finds a number of practical applications that include industrial anodes, 
photocatalysis/photoelectrocatalysis and fuel cell catalysts. In more detail, Ti (with native, 
thermally or electrochemically grown TiO2 on it) is the basis of dimensionally stable anodes (DSAs) 
which are coated with precious metal and other oxide catalysts and are used in many industrial 
processes (e.g. chlorine production, water electrolysis, electrowinning etc) [1-4]. Also, modifying 
the semiconductor oxides of TiO2 by precious metals (especially Pt) is a well-established practice to 
improve their photocatalytic efficiency by reducing photogenerated electron-hole recombination 
rates [5-7]. Finally, Pt/TiO2 bi-component powder catalysts mixed with high surface area carbons 
have recently been tested as alternative anode or cathode catalysts in fuel cells [8-10]. 
Methods for Pt deposition/incorporation onto/into TiO2 supported layers include electro-
deposition [11-14], vacuum deposition [15], thermal decomposition followed by reduction [16] 
and photodeposition [17,18]. Platinization of TiO2 powders is almost exclusively carried out by 
chemical reduction of Pt complexes in the presence of TiO2 particles or simultaneously with TiO2 
sol-gel preparation [19]. Electrodeposition allows for accurate control of precious metal loading 
but requires specialized equipment, uses concentrated precious metal solutions and it is difficult 
to apply to powder substrates; chemical methods usually involve reducing agents and almost 
always involve a high temperature annealing in a reducing atmosphere; photodeposition is a 
lengthy process and can also lead to precious metal losses due to uncontrolled deposition at 
reactor components other than the substrate [17].  
During the last decade an alternative method for the introduction of the noble metal onto the 
electrode support has been developed. The method is based on the spontaneous galvanic 
replacement of surface layers of a non-noble metal M (M: Pb, Cu, Fe, Co, Ni) by a noble metal (e.g. 
Pt, Au, Pd, Ir) upon immersion of the former in a solution of metal ions of the latter (the resulting 
bimetallic system is denoted as Pt(M), Au(M) etc.). For example, in the case of Cu and Pt: 
2 Cu + PtCl6
2- → Pt + 6 Cl
- + 2 Cu
2+ (1). 
The method (also known as transmetallation) was first applied by Adžić and co-workers to 
underpotentially deposited (UPD) Cu monolayers [20-22] and to Cu and Pb bulk deposits by 
Kokkinidis and co-workers [23-24] on flat electrode substrates. It has since been extended to other 
transition metals (Fe, Co, Ni) (see for example the works of Sotiropoulos and co-workers [25-30]) 
as well as to carbon powder supports (see for example [31,32]). Advantages of the new technique 
include the fact that it is a fast and room temperature processes, it employs low concentration 
solutions of the precious metal and can lead to the formation of thin precious metal deposits that 
may decrease its loading. 
Despite the rapid evolution of the application of the technique on conducting substrates, the 
formation of metal/semiconductor (e.g. Pt/TiO2) catalysts by means of transmetallation has yet to 
be established. These systems should offer the possibility of enhancing anodic reactions occurring 
at Pt by means of simultaneous photooxidations at n-type semiconducting supports and to that 
direction, methanol oxidation at UV-illuminated Pt/TiO2 electrodes has recently been 
reported [33]. 
The aim of this work has been to investigate the feasibility of applying the galvanic replacement 
technique to the metallization of TiO2 powders. Specific objectives have been:  
i.  The preparation and microscopic as well as compositional characterization of Pt(Cu)/TiO2 
deposits on Ti substrates ;  S. Ivanov et al.  J. Electrochem. Sci. Eng. 2(4) (2012) 155-169 
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ii.  The electrochemical characterization of the deposits by means of Pt surface electrochemistry 
and methanol oxidation;  
iii.  The study of the effect of UV illumination on the electrochemical behavior of these deposits. 
Experimental  
Preparation of TiO2/Ti, Cu/TiO2/Ti and Pt(Cu)/TiO2/Ti electrodes 
Ti rectangular substrates (0.5 mm thick) had typical dimensions of 1 cm × 0.5 cm and were 
etched in a HF/HNO3 3:1 mixture and then washed with doubly distilled water. Known volumes of 
a 1 g L
-1 methanol dispersion of Degussa P-25 TiO2 were pipetted onto one side of the Ti substrate 
and the coating was dried at 50°C for 10 min. TiO2 loadings were in the 2-3 mg cm
-2 range. These 
coated substrates were sintered in an air atmosphere at 700°C (for 5 h) or 500°C (for 1.5 h) using a 
Carbolite CWF 1100 oven, resulting in particulate TiO2 layers. The back side of the samples had 
been etched again before it was insulated with epoxy resin glue (RS).  
Electrodeposition of Cu on the TiO2/Ti electrode was performed at constant potential (in the 
mixed control potential regime and more specifically at the half-wave potential of exploratory 
deposition voltammetry) from 0.1 M HClO4 + 0.01 M CuSO4 deaerated solutions. The total charge 
density passed was 400 mC cm
-2 for rutile-rich electrodes and 400 or 1200 mC cm
-2 for anatase-
rich electrodes. 
The Cu/TiO2/Ti electrodes were immersed in 2 ml of a 0.1 M HCl + 10-3 M K2PtCl6 solution for 
30 min so that replacement of Cu by Pt could take place: 
2 Cu/TiO2/Ti + PtCl6
2-
 → Pt (Cu)/ TiO2/Ti + 2 Cu
2+
 + 6 Cl
− (2) 
Microscopic and spectroscopic characterisation of coatings 
Scanning Electron Microscopy (SEM) was carried out using a JEOL JSM-5510 microscope and 
elemental analysis of the coatings was performed by the accompanying EDS (EDAX) system. X-Ray 
Diffraction (XRD) deposit characterisation was performed with the help of a Rigakou Miniflex 
diffractometer. 
Electrochemical and photoelectrochemical characterisation of coatings 
Cyclic voltammetric and constant potential experiments on TiO2 electrodes in the dark and 
under UV illumination were carried out with the Autolab 30 (EcoChimie) system in a three-
electrode cell equipped with a flat quartz window opposite the working electrode. A saturated 
calomel electrode (SCE) was used as the reference electrode and a Pt foil as the counter electrode. 
Voltammograms were run for at least three consecutive full cycles since preliminary experiments 
showed that a near-steady state response was observed only after the second run; all results 
reported correspond to the stabilized voltammetric picture. 
A Radium Ralutec 9W/78 UVA lamp (λ=350-400 nm, λmax=366 nm), placed at a distance of 
2.5 cm from the sample, was used for front face electrode illumination. The power density on the 
sample surface position was measured as 3 mW cm
-2 with a photometer. 
Electrode materials and chemicals 
Ti plates 0.5 mm thick were from Alfa Aesar (99.5 %, metals basis). TiO2 powder was P-25 
Degussa® from Degussa (now Evonic). HClO4 from Riedel, (puriss p.a., ACS reagent, ≥ 70 %) and 
CuSO4.6H2O from Sigma-Aldrich (ACS reagent) were used in the preparation of Cu deposition 
solutions. H2PtCl6 hexahydrate from Sigma-Aldrich (ACS reagent, ≥37.50 % as Pt) was employed for J. Electrochem. Sci. Eng. 2(4) (2012) 155-169  PLATINIZED TiO2 FOR METHANOL OXIDATION 
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the Pt exchange solution. MeOH was from Riedel (Chromasolv
, for HPLC, gradient grade, ≥ 99.9 
%).  
Results and Discussion 
TiO2 particulate films on Ti electrode substrates: microscopic, electrochemical and 
photoelectrochemical characterization 
Figure 1 shows the SEM micrograph of the surface of a typical Ti/TiO2 (700 °C) electrode. This is 
characterized by a reticulated network of micrometer-sized aggregates into which the much 
smaller anatase and rutile particles (22 and 31 nm, as determined by XRD) of the original P-25 TiO2 
material have been merged after annealing. The picture of Ti/TiO2 (500 °C) electrodes was very 
similar, indicating that sintering at 500° (for 1.5 h) or 700 °C (for 5h) has the same effect on the 
overall morphology of the particulate films. However, as confirmed by XRD [34], the 500  °C-
treated samples retain the 75÷25 % w/w anatase-to-rutile composition (and are termed anatase-
rich or TiO2-500 samples hereafter) while the 700°C-treated samples are transformed to rutile-rich 
samples (3÷97 % w/w anatase-to-rutile; TiO2-700). 
 
 
Figure 1. SEM micrograph of a TiO2 particulate film prepared on a Ti substrate by annealing 
solution-cast Degussa P-25® TiO2 particles at 700 °C for 5h. (Scale bar length: 30 μm.) 
Electrochemical characterisation of TiO2 coatings in the dark 
Figure 2 presents fast (100 mV s
-1) cyclic voltammograms in the dark of an anatase-rich/500 °C 
electrode (with a 4.3 mg cm
-2 TiO2 loading) and a rutile-rich/700 °C electrode (with a 2.4 mg cm
-2 
TiO2 loading), in a 1 M HClO4 solution. Prior to hydrogen evolution, a couple of cathodic and anodic 
main peaks are observed (together with traces of another couple at more positive potentials), 
attributed to the surface transformation of the Ti(IV)/Ti(III) couple at potentials negative to the flat 
band potential of TiO2 and just prior to hydrogen evolution [17,35-37].  
The charge density (per geometric substrate area) under the cathodic peaks was found to be 
7.5 mC cm
-2 for the anatase-rich/500°C electrode and 2.8 mC cm
-2 for the rutile-rich/700°C one. 
Since the value of Ti surface density in a TiO2 crystal has been reported as approximately 
9 Ti
4+ ions /nm
2 [38], the Ti(IV)/Ti(III) transformation translates to an expected charge density of 
144 μC cm
-2. Then the sintered electrodes presented in Figure 2 have roughness factors of 52 and 
19 electroactive TiO2 cm
2 per substrate cm
2. If we further take into account the TiO2 loading of 
these particular electrodes (4.3 mg cm
-2 and 2.4 mg cm
-2 respectively) then their mass-specific TiO2 S. Ivanov et al.  J. Electrochem. Sci. Eng. 2(4) (2012) 155-169 
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electroactive area can be calculated as 1.2 m
2 g
-1 and 0.8 m
2 g
-1 for the anatase-rich and rutile-rich 
electrodes, respectively. The similar values of electroactive areas are in line with the similarities 
observed in the morphology by SEM analysis.  
 
 
Figure 2. Cyclic voltammograms of TiO2/Ti electrodes (anatase-rich/annealed at 500 °C for  
1.5 h and rutile-rich/ annealed at 700 °C for 5h) in 1 M HClO4, in the dark.  
 
Figure 3(A) shows photovoltammograms (at 10 mV s
-1) of two TiO2/Ti electrodes with similar 
loadings (2.2-2.4 mg cm
-2 ) at anatase- and rutile-rich TiO2 electrodes under UV illumination 
(360  nm, 3 mW cm
-2). If there are no other oxidizable species in solution, the observed 
photocurrent is due to water oxidation by photogenerated holes to OH
• or other primary oxidation 
products such as O2
•-and H2O2. The limiting photocurrent observed at high positive potentials is 
controlled by the diffusion of photogenerated electrons through the particles of the particulate 
semiconductor layer [39-41]. The onset potential of the photocurrent (which can be approximated 
to the flat band potential) for the anatase-rich electrode is ca. -0.150 V vs. SCE, lower by some 200 
mV from that of the rutile-rich electrode, in line with anatase reported to have a more negative 
flatband potential than that of rutile [42]. Also, the limiting photocurrent in the plain electrolyte 
solution is found to be higher at the rutile-rich electrode, indicating its higher 
photoelectrocatalytic activity for water oxidation. Figure 3(B) shows the effect of the addition of 
0.5 M MeOH to the photovoltammetry. It is seen that, although the shift of the flatband potential 
remains the same, the limiting photocurrent of the anatase-rich electrode is now higher, most 
likely due a higher adsorption affinity for methanol on the anatase surface where it is oxidized by 
the photogenerated holes.  J. Electrochem. Sci. Eng. 2(4) (2012) 155-169  PLATINIZED TiO2 FOR METHANOL OXIDATION 
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Figure 3. Cyclic voltammograms of TiO2/Ti electrodes (anatase-rich/annealed at 500 °C for 1.5 
h and rutile-rich/ annealed at 700 °C for 5h) in the dark and under continuous (or occasionally 
shut) UV illumination, in (A) 1 M HClO4 and in (B) 0.5 M MeOH + 1 M HClO4 solutions.  
(Arrows indicate potential scan direction; the photocurrent fall for the TiO2-500 electrode 
corresponds to a temporary illumination shut down.)  
Cu electrodeposition on TiO2/Ti electrodes: deposition voltammetry, microscopic (SEM) and 
spectroscopic (EDS) characterisation of Cu/TiO2 precursors 
Figure 4 presents the cyclic voltammograms of the TiO2/Ti electrodes in a Cu
++ containing 
solution to obtain an exploratory electrodeposition picture. The cathodic electrodeposition peaks 
are observed for both types of electrodes (at potentials corresponding to the onset of the 
Ti(IV)/Ti(III) transformation shown in Figure 2) but interestingly no stripping peaks are recorded 
throughout the positive potential range. This means that the Cu/TiO2 interface behaves as a 
Schottky diode with dark current (including that of electrodeposition) starting to flow only at S. Ivanov et al.  J. Electrochem. Sci. Eng. 2(4) (2012) 155-169 
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potentials negative enough for TiO2 metallization and/or the onset of Ti surface reactions to occur. 
The fact that the onset of Cu electrodeposition should be related to the Ti(IV)/Ti(III) 
transformation (possibly via a catalytic cycle) is also supported by both phenomena exhibiting the 
same trend when one passes from an anatase-rich to a rutile-rich electrode. 
 
 
Figure 4. Cyclic voltammograms of TiO2/Ti electrodes (anatase-rich/annealed at 500 °C for 1.5 
h and rutile-rich/ annealed at 700 °C for 5h) in the dark, in the electrodeposition solution of 
0.01 M CuSO4 + 1 M HClO4 solution. (Arrows indicate potential scan direction.)  
Constant potential Cu electrodeposition was carried out at the half-wave cathodic peak 
potential for each type of electrode and (in initial experiments) the electrodeposited Cu charge 
density was 400 mC cm
-2 for both electrodes. Figure 5 presents the SEM images (at different 
resolution) of such a Cu/TiO2/Ti rutile-rich electrode. Numerous Cu particles of sub-micron dimen-
sions can be seen to have been deposited onto/into the reticulated matrix of TiO2. A similar pictu-
re has been obtained for anatase-rich electrodes and, for typical TiO2-loadings of 2.2-2.4 mg cm
-2 
This procedure led to Cu/TiO2 coating having a 17-18 % w/w Cu content (w.r.t. TiO2, as confirmed 
by EDS).  
 
  
Figure 5. SEM micrographs of a Cu/TiO2 particulate film prepared by electrodeposition of 400 mC cm
-2  
on a TiO2/Ti electrode (rutile-rich/ annealed at 700 °C for 5h). (Scale bar lengths: (A) 30 μm and (B) 7.5 μm.) J. Electrochem. Sci. Eng. 2(4) (2012) 155-169  PLATINIZED TiO2 FOR METHANOL OXIDATION 
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Galvanic replacement of Cu in Cu/TiO2/Ti electrodes by Pt: microscopic, spectroscopic and 
electrochemical/photoelectrochemical characterization of Pt(Cu)/TiO2/Ti electrodes in acid 
Upon immersion of the Cu/TiO2 electrodes prepared as described in the previous section in a 
10
-3 M chloroplatinate solution for 30 min, Cu was replaced according to (2) by Pt. Figures 6 show 
SEM images of the thus produced Pt(Cu)/TiO2 coatings, revealing the existence of much smaller Pt 
nanoparticles (compared to those of the Cu precusrsor shown in Figures 5) and an increased 
porosity (intermediate of that of the Cu/TiO2 precursor and of the TiO2 starting material), due to 
significant etching of Cu into the solution.  
 
 
Figure 6. SEM micrographs of a Pt(Cu)/TiO2 particulate film prepared from the Cu/TiO2 film 
shown in Figure 4 above by immersion in a 10
-3 M chloroplatinic acid + 0.1 M HCl solution for 
30 min. (Scale bar lengths: (A) 30 μm and (B) 7.5 μm.) 
The EDS analysis of the Pt(Cu)/TiO2 deposits indicates that almost all Cu has been replaced or 
etched (only traces of Cu were measured) and that their Pt content is 6% w/w (w.r.t. TiO2) for 
rutile-rich electrodes and 2% w/w for anatase-rich electrodes. An insight into the mechanism of Pt 
deposition and the differences observed for the two substrates can be acquired by the following 
reasoning. The absence of significant quantities of Cu suggests that only Pt deposited directly onto 
TiO2 locations adjacent to Cu deposits survives (whereas Pt deposited on Cu locations collapses, as 
layers beneath it corrode from uncovered locations). Since it has already been reported that Pt 
nuclei are preferably formed on rutile (which has a larger concentration of oxygen vacancies) [43], 
it follows that larger quantities of Pt are deposited directly onto rutile-rich substrates than on 
anatase-rich ones. To be able to produce similar Pt loadings on both types of substrates, larger 
quantities of Cu had to be deposited on anatase-rich substrates. A 3-fold increase in pre-deposited 
Cu (plating density of 1200 mC cm
-2) resulted in a 5 % w/w Pt content. The rutile-rich and anatase-
rich electrodes for which results are shown hereafter had Pt loadings of 0.15 mg cm
-2 and 
0.12 mg cm
-2, respectively. 
Figures 7 present the surface electrochemistry of the Pt(Cu)/TiO2/Ti electrodes in deaerated 
acid.  S. Ivanov et al.  J. Electrochem. Sci. Eng. 2(4) (2012) 155-169 
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Figure 7. Cyclic voltammograms of Pt(Cu)/TiO2/Ti electrodes in the dark, in a deaerated  
1 M HClO4 solution. (A) Rutile-rich electrode/annealed at 700 °C for 5 h;  
(B) Anatase-rich electrode/annealed at 500 °C for 1.5 h.  
Although the rutile-rich electrode shows the typical polycrystalline Pt picture (with the 
hydrogen adsorption/desorption and oxide formation/stripping peaks), there are only traces of 
oxide formation and stripping for the anatase-rich electrode. In this case, the formation of a 
Schottky diode between the metal (Pt) and the n-type semiconductor (TiO2) which would allow for 
currents at potentials negative to the flat band potential and cut them off at more positive 
potentials, is not a plausible scenario. This is because, as shown in Figures 8, hydrogen evolution 
occurs at Pt(Cu)/TiO2 at potentials far more positive than the TiO2 metallization region; J. Electrochem. Sci. Eng. 2(4) (2012) 155-169  PLATINIZED TiO2 FOR METHANOL OXIDATION 
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furthermore some anodic reactions (ferrocyanide oxidation and hydrazine-not shown here) did 
take place on the anatase-rich electrodes in the potential range of Pt oxide formation and 
stripping.  
 
Figure 8. Slow potential scan voltammograms of Pt(Cu)/TiO2/Ti and TiO2/Ti electrodes in the 
dark, in a deaerated 1 M HClO4 solution. (A) Rutile-rich electrode/annealed at 700 °C for 5 h;  
(B) Anatase-rich electrode/annealed at 500 °C for 1.5h. 
All this means that electron transfer reactions are possible at the Pt overlayer via resonance 
tunneling from Pt to the Ti base of the electrode through the TiO2 semiconductor, with the help of 
an impurity band introduced by Pt [44]. Therefore, the supression of Pt oxide/formation is to be 
attributed to strong Pt-anatase interactions. It should be noted that the extraordinary picture of 
Figure 7(B) has also been reported for platinized reduced anatase [45], monocrystalline rutile [46] 
or low Pt coverage/small particle size anatase-rich samples [47], and can been interpreted via the 
formation of a strong Pt-Ti bond [48], inhibiting the formation of PtO. The reason why these 
interactions are higher for anatase substrates is due to the fact that smaller nuclei (thus more 
affected by the TiO2 in contact) and stronger Pt adsorption are observed at anatase [43] (despite 
the formation of larger Pt clusters at rutile locations). From the charge under the cathodic 
hydrogen adsorption peak the Pt electroactive area per electrode substrate geometric area S. Ivanov et al.  J. Electrochem. Sci. Eng. 2(4) (2012) 155-169 
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(roughness factor) can be calculated as 10 for rutile-rich and 81 for anatase-rich electrodes, close 
or within the lower part of the 50-1000 range of Pt black or carbon-supported Pt fuel cell catalysts 
[17]. Taking into account the loading of each electrode, these values of the roughness factor are 
translated to ca 6.5 and 67.5 m
2 g
-1 of electroactive Pt (note that a typical fuel cell catalyst has a 
value of 65 m
2 g
-1 [49]). The higher surface area/dispersion of Pt in anatase-rich electrodes is in 
line with the above-mentioned reasoning for stronger Pt-TiO2 interactions at these substrates.  
Figures 9 (A)-(B) show the effect of UV illumination on the cyclic voltammetry of the 
Pt(Cu)/TiO2/Ti electrodes in acid. A comparison with the results of the corresponding TiO2/Ti 
electrodes of Figure 3(A), reveals that there is approximately a 3-fold decrease of the net 
photocurrent at both electrodes (from 116 to 40 μA cm
-2 for the rutile-rich electrode and from 
61 to 22 μA cm
-2 for the anatase-rich electrode, at +0.80 V).  
 
 
 
Figure 9. Cyclic voltammograms of TiO2/Ti electrodes in the dark and under UV illumination, in 
1 M HClO4 . (A) Rutile-rich electrode/annealed at 700 °C for 5 h; (B) Anatase-rich 
electrode/annealed at 500 °C for 1.5h. J. Electrochem. Sci. Eng. 2(4) (2012) 155-169  PLATINIZED TiO2 FOR METHANOL OXIDATION 
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This is opposite to the beneficial effect that Pt has on plain photocatalysis but it is to be 
expected since first, Pt loading of the photoelectrocatalysts prepared in this work (8-10 % w/w) is 
much higher than that of Pt-doped TiO2 photocatalysts (0.1-1 % w/w) resulting to partial shielding 
of TiO2 from light and second, the addition of a metal should not have a key role in decreasing 
charge recombination during photoelectrocatalysis since this is mainly achieved by the electrical 
bias. 
Methanol oxidation at Pt(Cu)/TiO2/Ti electrodes in the dark and under UV illumination 
Figure 10 presents slow potential sweep cyclic voltammograms (at 10 mV s
-1; third cycle) of the 
Pt(Cu)/TiO2/Ti electrodes, in a 0.5 M MeOH + 0.1 M HClO4 solution. Although the typical voltam-
metric picture for methanol oxidation on Pt is observed (an oxidation peak showing distinct 
hysterisis), the current densities are rather low and the anatase-rich electrode is almost ten times 
inferior to the rutile-rich electrode. The latter trend can be interpreted by the absence of 
significant Pt oxide formation at the anatase-rich electrode (see Figure 7(B)) and the crucial role of 
these oxides in oxidizing/removing the carbonaceous intermediates/poisons of methanol 
oxidation. Note that a similar correlation has been found for methanol oxidation at Pt/TiO2 
electrodes in [47]. 
 
Figure 10. Cyclic voltammograms of Pt(Cu)/TiO2/Ti electrodes (anatase-rich/annealed at 500°C 
for 1.5 h and rutile-rich/ annealed at 700 °C for 5h) in the dark, in a 0.5 M MeOH + 0.1 M HClO4 
solution. (Arrows indicate potential scan direction.)  
The Pt mass-specific current density of the rutile-rich Pt(Cu)/TiO2 catalyst can be estimated as 
3.6 mA mg
-1 (at the peak potential) which is lower than commonly observed values at Pt/C 
catalysts (see for example the value of ca 15 mA mg
-1 of a commercial Pt/C(E-Tek) catalyst under 
same methanol concentration and similar scan rate conditions [50]). This is to be expected for the 
rutile-rich electrode which (based on Pt surface electrochemistry) was found to have a small Pt 
electroactive surface area (see discussion above). However, when compared to the performance 
of the Pt/TiO2 catalyst prepared by photodeposition in [17] and resulting in a massive 10 mg cm
-2 
Pt loading and/or losses (depending on the amounts deposited onto the substrate or the reactor S. Ivanov et al.  J. Electrochem. Sci. Eng. 2(4) (2012) 155-169 
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walls), our catalyst (with a 0.15 mg cm
-2 Pt loading) is superior. This is because the photodeposited 
catalyst of [17] gives methanol oxidation currents in the 1.5-3 mA mg
-1 range (after correction for 
different concentrations and depending on scan rate).  
Figure 11 shows the effect of UV illumination on methanol oxidation at the rutile-rich electrode. 
The enhancement factor of the peak current is calculated as 1.66 and the net increase is some 
344 μA cm
-2. The latter is much higher than the net photocurrent of 40 μΑ cm
-2 recorded at the 
same Pt(Cu)/TiO2/Ti electrode in the acid supporting electrolyte (Figure 9(A)) and even higher than 
the limiting photocurrent of 260 μΑ cm
-2 observed on the plain TiO2/Ti electrode in the presence 
of methanol (Figure 3(B)). This in turn indicates that the oxidation current enhancement observed 
at the Pt(Cu)/TiO2/Ti electrode upon illumination in the presence of methanol is not merely due to 
the superposition of methanol oxidation on Pt and photooxidation on TiO2 but due to a synergistic 
effect, most likely the photooxidative removal of poisonous intermediates from Pt sites at 
neighbouring TiO2 sites.  
 
Figure 11. Voltammograms of a Pt(Cu)/TiO2/Ti electrode (rutile-rich/ annealed at 700°C for 5h) 
in the dark and under UV illumination, in a 0.5 M MeOH + 1 M HClO4 solution. (Arrows indicate 
potential scan direction.)  
Conclusions 
i.  It has been demonstrated that the two-step electrodeposition-galvanic replacement technique 
(previously applied to metallic substrates) can be successfully applied to semiconductor oxides 
too. Hence, following Cu electrodeposition on particulate TiO2 electrode coatings and its 
subsequent replacement by Pt, stable Pt(Cu)/TiO2 catalytic layers can be formed. 
ii.  Depending on whether the TiO2 substrate was rutile-rich or anatase-rich, the formation and 
stripping of Pt surface oxides could or could not be seen in cyclic voltammetry experiments. 
This indicates stronger interactions between Pt and anatase than between Pt and rutile. 
iii. As a direct consequence of the above point, methanol oxidation in the dark is largely 
suppressed at platinized anatase-rich electrodes. (Since the suppression of Pt oxide formation is 
known to have a beneficial effect on oxygen reduction, such electrodes are worth testing in 
that reaction.) J. Electrochem. Sci. Eng. 2(4) (2012) 155-169  PLATINIZED TiO2 FOR METHANOL OXIDATION 
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iv. The significant methanol oxidation current enhancement observed upon the UV illumination of 
the platinized rutile-rich electrodes (due to Pt and TiO2 synergism) makes more research into 
their optimisation worth pursuing. 
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